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POWER TRANSMISSION MEMBER AND
MATERIAL THEREOF CONTAINING
CARBON FIBER, AROMATIC POLYAMIDE
FIBER AND GRAPHITE WITH PHENOL
RESIN

CROSS REFERENCE TO RELATED
APPLICATION

This application claims priority benefits under 35 USC
§119 of Japanese Patent Application Serial No. 9-93983
filed on Apr. 11, 1997, the disclosure of which 1s 1ncorpo-
rated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to power transmission mem-
bers such as pulleys.

2. Description of Related Arts

In recent years, as a variable speed pulley so adapted that
its effective diameter for a belt can be changed, a variable
speed pulley of such a type that a flat belt 1s wound around
a power transmission ring which can be eccentric from an
axis of the pulley with 1t being fitted 1n a V-groove of the
pulley has been provided. In this type of variable speed
pulley, torque 1s transmitted between a member forming the
V-groove and the power transmission ring. However, the
arca ol a contact portion therebetween 1s narrow, so that
surface pressure 1s significantly increased. In the above-
mentioned contact portion, there exists a complicated con-
tact state where rolling movement for torque transmission
and sliding movement for eccentricity are mixed.

On the other hand, a metal was conventionally used as a
material composing the power transmission ring, so that
there were some problems. For example, the power trans-
mission ring was seized, or the member forming the
V-groove greatly wore.

For this problem, 1t 1s considered that resin be used for the
power transmission ring. When a general resin 1s used for the
power transmission ring, the power transmaission ring greatly
wears, and friction 1s unstable. As a result, consideration has
been given to cases where the torque to be transmitted 1s not
stabilized and the contact portion 1s melted.

In other words, as a resin molded member used for the
power transmission ring, the member 1tself must have good
compatibility with a counterpart member, although 1t is
superior 1n wear resistance. Moreover, 1t must have a proper
coellicient of friction which is stable irrespective of tem-
perature.

In recent years, a pulley which was conventionally mainly
composed of a metal has been replaced with one made of
resin as automobile parts have been made small 1n size and
light 1n weight and have been lowered 1n cost. A general
pulley had the same problems as the above-mentioned
power fransmission ring.

In order to solve such problems, a power transmission
member constructed by molding a resin material obtained by
mixing an aromatic polyamide fiber, a non-linear inorganic
filler and graphite with phenol resin has been considered
(see JP-A-8-23-573, which is assigned to the assignee of the
present application for example). The applicant of the
present invention has encountered a case where the above
material has insuflicient in strength when 1t 1s applied to the
power transmission ring. In such a case, it 1s considered that
a reinforcing metal member 1s embedded 1n the resin mate-
rial. If the reinforcing metal member 1s embedded, however,
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1t costs much to manufacture the reinforcing metal member.
Further, the cost for resin molding rises because the rein-
forming metal member 1s embedded.

SUMMARY OF THE INVENTION

An object of the present invention 1s to provide a power
transmission member which does not easily wear, has good

compatibility with a counterpart member, and has a proper
coeflicient of friction which 1s stable 1n terms of
temperatures, and 1s high 1n strength and low 1n cost.

In order to attain the above-mentioned object, a preferred
mode of the present invention 1s characterized in that the
power transmission member 1s constructed by molding a
resin material obtained by mixing a carbon fiber, an aromatic
polyamide fiber and graphite with phenol resin.

The phenol resin has the advantage that it 1s superior 1n
heat resistance and rigidity, and 1s not melted and softened
even under high temperatures, while being difficult to use in
a place having sliding because 1t 1s brittle and essentially has
a very high coefficient of friction. The carbon fiber and the
aromatic polyamide fiber are used as reinforming members
in order to improve the brittleness of the phenol resin, and
the graphite 1s used as a solid lubricant in order to improve
the sliding properties thereof.

The carbon fiber contributes to an improvement in the
mechanical strength of the resin material as a reinforcing
material. An example of the carbon fiber is Toreca (Trade
Name) manufactured by Toray Industries, Inc. The content
of the carbon fiber 1n the resin material 1s preferably in the
range ol 5 to 30% by weight. The reason for this 1s that the
resin material 1s liable to crack, for example, due to lack of
strength if the content of the carbon fiber 1s less than 5% by
welght, while being too hard, causing a counterpart member
to wear 1f 1t exceeds 30% by weight.

The aromatic polyamide fiber not only contributes to an
improvement in the mechanical strength of the resin material
as a reinforcing material but also produces a large effect for
an 1mprovement 1n the wear resistance thereof. Further, it
hardly has the function of causing the counterpart member
to wear as seen 1n a conventional glass fiber or carbon fiber.
Examples of the aromatic polyamide fiber include Kevler
(Trade Name) and Nomex (Trade name) which are manu-
factured by Du Pont Co., Ltd. and Konex (Trade Name)
which 1s manufactured by Te1jin Limited. The content of the
aromatic polyamide fiber 1n the resin material 1s preferably
in the range of 5 to 15% by weight. The reason for this 1s that
the resin material 1s liable to crack, for example, due to lack
of strength if the content of the aromatic polyamide fiber 1s
less than 5% by weight, and an 1improvement 1n a reinforcing
eifect 1s not recognized even 1f it exceeds 15% by weight in
a case where the carbon fiber 1s mixed.

By thus mixing the carbon fiber and the aromatic polya-
mide fiber as reinforcing materials, the carbon fiber can
compensate for lack of compressive strength of the aromatic
polyamide fiber while preventing the wear of the counterpart
member by the aromatic polyamide fiber, so that sufficient
strength, for example, flexural strength can be given to the
resin material. Particularly if the carbon fiber 1s mainly
mixed as a reinforcing material and the aromatic polyamide
fiber 1s mixed as 1its auxiliary, this 1s preferable for giving
suflicient strength while preventing the wear of the coun-
terpart member. If only the carbon {fiber 1s mixed as a
reinforcing material, this 1s not preferable because the coun-
terpart member 1s liable to wear. If only the aromatic
polyamide fiber 1s mixed as a reinforcing material, this 1s not
preferable because sufficient strength, particularly flexural
strength cannot be given to the resin material.
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An example of the graphite is CPB 30 (Chuetsu Kokuen
Kogyosho K. K.). It is preferable that the content of the
oraphite 1n the above-mentioned resin material 1s 1n the
range of 10 to 15% by weight. The reason for this 1s that the
resin material does not smoothly slide if the content of the
craphite 1s less than 10% by weight, while being brittle 1f 1t
exceeds 15% by weight.

If the non-linear mnorganic filler 1s further mixed with the
above-mentioned resin material, this 1s preferable for adjust-
ing the frictional force of the resin material. Examples of the
non-linear morganic filler include at least one selected from
a group consisting of calcium carbonate, magnesium
carbonate, silica powder, talc, clay, alumina, mica, and
oypsum. It 1s preferable that the content of the non-linear
inorganic filler in the resin material 1s 1in the range of 5 to
20% by weight. The reason for this 1s that the resin material
1s 1ncreased i1n friction if the content of the non-linear
inorganic filler 1s less than 5% by weight, while being brittle
if 1t exceeds 20% by weight. Particularly if the non-linear
inorganic filler 1s talc, this 1s preferable because the fric-
tional force of the resin material 1s easy to adjust.

The foregoing and other objects, features, aspects and
advantages of the present invention will become more
apparent from the following detailed description of the
present 1nvention when taken in conjunction with the
accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of a variable speed pulley
including a power transmission ring as a power transmission
member according to one embodiment of the present 1nven-
tion.

DETAILED DESCRIPTION OF THE
EMBODIMENT

A preferred embodiment of the present invention will be
described while referring to the accompanying drawing.

A carbon fiber, an aromatic polyamide fiber, a non-linear
iorganic filler, and graphite are added to and kneaded with
phenol resin which 1s base resin, to prepare molding resin.

The molding resin 1s then molded, to obtain a power
transmission ring 1 serving as a power transmission member
which 1s applied to a variable speed pulley A as shown in
FIG. 1. The power transmission ring 1 1s 1n the shape of an
annulus which 1s approximately elliptical in cross section, to
form a transmission surface la a flat belt B on its outer
peripheral surface. A plurality of recesses which are engaged
with the flat belt are formed in the circumferential direction
on the transmission surface 1a. The power transmission ring
1 1s fitted 1n a V-groove 4 defined between a pair of V-groove
formed members 2 and 3 which can adjust the spacing
therebetween. V-groove members 2 and 3 correspond to
pulley main bodies. Tapered surfaces 1b and 1c¢ respectively
formed on both peripheral side surfaces of the power trans-
mission ring 1 are respectively brought into contact with
inclined surfaces 2a and 3a of the V-groove formed mem-
bers 2 and 3. The tapered surfaces 1b and 1c¢ are portions in
which a very complicated contact state where rolling move-
ment for torque transmission and slhiding movement for
eccentricity are mixed.

In the variable speed pulley A, screw portions 6 and 7
opposite to each other and having the same pitch are formed
around a cylindrical rotating shaft 5 driven by an engine. The
V-groove formed members 2 and 3 are respectively fitted 1n
the screw portions 6 and 7, and are connected to each other
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by spline fitting so as to be integrally rotatable. Reference
numeral 8 denotes a conical spring urged 1n the direction 1n
which both the V-groove formed members 2 and 3 are 1n
close proximity to each other. In the variable speed pulley A,
the tension of a belt 1s increased, to make the power
transmission ring 1 eccentric from an axis Sa of the rotating
shaft 5 to change the contact diameter of the belt.

The carbon fiber contributes to an 1mprovement 1n the
mechanical strength of the resin material as a reinforcing
material. The content of the carbon fiber 1n the resin material
in preferably in the range of 5 to 30% by weight, more
preferably 1n the range of 10 to 20% by weight, and still
more preferably 1n the range of 15% by weight. The reason
for this 1s that the resin material 1s liable to crack, for
example, due to lack of strength if the content of the carbon
fiber 1s less than 5% by weight, while being too hard,
causing a counterpart member to wear 1f 1t exceeds 30% by
welght. An example of the carbon fiber 1s Toreca (Trade
Name) manufactured by Toray Industries, Inc.

The aromatic polyamide fiber not only contributes to an
improvement in the mechanical strength of the resin material
as a reinforcing material but also produces a large effect for
an 1mprovement in the wear resistance thereof. Further, it
hardly causes the counterpart member to wear as seen 1n a
conventional glass fiber or carbon fiber. The content of the
aromatic polyamide fiber 1in the resin material 1s preferably
in the range of 5 to 15% by weight. The reason for this is that
the resin material 1s liable to crack, for example, due to lack
of strength 1f the content of the aromatic polyamide fiber 1s
less than 5% by weight, and an 1improvement 1n a reinforcing
eifect 1s not recognized even 1f it exceeds 15% by weight in
a case where the carbon fiber 1s mixed. Examples of the
aromatic polyamide fiber include Kevler (Trade Name) and
Nomex (Trade Name) which are manufactured by Du Pont
Co., Ltd. and Konex (Trade Name) which is manufactured
by Te1jin Limited.

By thus mixing the carbon fiber and the aromatic polya-
mide fiber as reinforcing materials, the carbon fiber can
compensate for lack of the compressive strength of the
aromatic polyamide fiber while preventing the wear of the
counterpart member by the aromatic polyamide fiber, so that
sufficient strength, for example, flexural strength can be
orven to the resin material. Particularly 1if the carbon fiber 1s
mainly mixed as a remforming member and the aromatic
polyamide fiber 1s mixed as 1ts auxiliary, this 1s preferable
for giving sufficient strength while preventing wear on the
counterpart member. If only the carbon fiber 1s mixed as a
reinforcing material, this 1s not preferable because the coun-
terpart member 1s liable to wear. If only the aromatic
polyamide fiber 1s mixed as a reinforcing material, this 1s not
preferable because sufficient strength, particularly flexural
strength, cannot be given to the resin material.

An example of the graphite used as an additive for
increasing the sliding properties of the resin material to
improve the wear resistance thereof is CPB 30 (Chuetsu
Kokuen Kogyosho K. K.). It is preferable that the content of
the graphite 1n the resin material is 1 the range of 10 to 15%
by weight. The reason for this 1s that the resin material does
not smoothly slide if the content of the graphite 1s less than
10% by weight, while being brittle if it exceeds 15% by
welght.

Examples of the non-linear inorganic filler include at least
one selected from a group consisting of calcium carbonate,
magnesium carbonate, silica powder, talc, clay, alumina,
mica, and gypsum. It 1s preferable that the content of the
non-linear morganic filler in the resin material 1s 1n the range
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of 5 to 20% by weight. The reason for this 1s that the resin
material 1s increased in friction if the content of the non-
linear 1norganic filler 1s less than 5% by weight, while being
brittle 1if 1t exceeds 20% by weight. Particularly if the
non-linear morganic filler 1s talc, this 1s preferable because
the frictional force of the resin material 1s easy to adjust.

In the present embodiment, the resin material obtained by
mixing the carbon fiber, the aromatic polyamide fiber and
the graphite with the phenol resin 1s used. Therefore, the
resin material itself has good compatibility with the coun-
terpart member, although it 1s high i1n strength and superior
In wear resistance, and has a coefhicient of friction which 1s
stable, rrespective of temperature, as a molded member.
Consequently, the resin material 1s suitable for application to
a belt guide member (a power transmission member) such as
a power transmission ring.

The contents of the carbon fiber, the aromatic polyamide
fiber, and the graphite 1n the phenol resin are respectively in
the range of 5 to 30% by weight, 1 the range of 5 to 15%
by weight, and 1s 1n the range of 10 to 15% by weight, so that
the wear resistance of the resin material can be further
improved to make the coeflicient of friction thereof more
stable.

Particularly, a power transmission ring high in strength
can be obtained, so that a reinforcing metal member need not
be embedded in the resin material composing the power
transmission ring. As a result, 1t 1s possible to construct the
power transmission ring 1 lighter 1n weight, as compared
with the power transmission ring in which the reinforcing,
metal member 1s embedded 1n the resin material, so that the
cffect of a centrifugal force can be reduced 1n a case where
the power transmission ring 1 1s made eccentric as described
above. As a result, vibration of the power transmission ring
1 can be restrained. Consequently, the power transmission
ring 1 can be applied to the variable speed pulley A so that
the latter can be stably operated.

If the non-linear morganic filler 1s further mixed with the
resin material, this 1s preferable for adjusting the frictional
force of the resin material, so that the molded member has
a suitable coeflicient of friction. It 1s preferable that the
content of the non-linear inorganic filler in the resin material
1s 1n the range of 5 to 20% by weight. Particularly 1if the
non-linear morganic filler 1s talc, the frictional force of the
resin material 1s easy to adjust.

The present invention 1s applicable to a power transmis-
sion member such as a belt guide member, for example, a
ogeneral pulley. In addition thereto, various changes can be
made 1n the range of the present 1invention.

EXAMPLES 1 to 5 and COMPARATIVE
EXAMPLES 1 to 5

Each of various types of fillers was added to and kneaded
with novolak-type phenol resin which 1s the base resin, in
the ratio shown 1n Table 1 to prepare molding resin, after
which the molding resin was molded. As a result, power
fransmission rings 1n examples 1 to 5 and comparative
examples 1 to 5 were obtained.

In the examples 1 to 5 and the comparative examples 1
and 2, the phenol resin was filled with a carbon {fiber, an
aromatic polyamide fiber, graphite and talc. In the compara-
five example 3, the phenol resin was filled with an aromatic
polyamide fiber, graphite and talc. In the comparative
example 4, the phenol resin was filled with a carbon fiber,
ographite and talc. In the comparative example 5, the phenol
resin was filled with a carbon fiber and an aromatic polya-
mide fiber. In Table 1, the aromatic polyamide fiber was
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6

indicated by aramide F, and the carbon fiber was indicated
by carbon F.

TABLE 1

example comparative example

1 2 3 4 5 1 2 3 4 5

base resin phenol resin (novolak-type)

filler/ carbon F 20 20 30 5 15 35 3 — 35 20

% by aramide F 10 10 g 15 5 3 18 20 — 10

weight  graphite 15 15 12 10 15 18 8 15 15 —
talc 13 10 10 5 20 3 23 13 10 —

wear resistance o 0O o c ©o X o© o o o

sample temperature o O O ¢ © o X G o X

coefficient o 0o o o o X X o o X

of friction

compatibility o 0o o c ©o X o0 o X ©

with counterpart

vibration o o o o o o X o o X

flexural strength © ©©@ © o @O ¢ x x © o

The power transmission rings in the examples 1 to 5 and
the comparative examples 1 to 5 were used for the variable
speed pulley, to perform evaluation tests on wear resistance,
a sample temperature, a coeflicient of friction, compatibility
with a counterpart and vibration, and further perform tests
on flexural strength. From the tests, results shown 1n Table
1 were obtained.

The tests were performed by pressing, in two disks having
different peripheral speeds, their outer peripheral parts
against each other to forcably slide a contact point, to
measure the sample temperature, the coeflicient of friction
and the vibration of each of the disks. The amount of wear
of the disk was measured, to evaluate the wear resistance
and the compatibility with a counterpart. A part of the power
transmission ring was used as a sample piece, to measure the
flexural strength.

As a criterion for judging the wear resistance 1n the results
of the tests, a case where the disk did not wear was indicated
by o, and a case where 1t wore was indicated by x. As a
criterion for judgment of the sample temperature, a case
where the sample temperature was not more than 60° C. was
indicated by o, and a case where it exceeded 60° C. was
indicated by x.

As a criterion for judgment of the coeflicient of friction,
a case where the coetlicient of friction was 0.2 to 0.4 which
did not vary was indicated by o, and the other case was
indicated by x. As a criterion for judgment of the compat-
ibility with a counterpart, a case where a counterpart disk did
not wear was indicated by o, and a case where 1t wore was
indicated by x. As a criterion for judgment of the vibration,
a case where vibration was generated was 1ndicated by x.

As a criterion for judging the flexural strength, a case
where the flexural strength was not less than 85 MPa was

indicated by @, a case where 1t was less than 85 MPa and not
less than 75 MPa was indicated by o, and a case where 1t was
less than 75 MPa was indicated by x. The flexural strength
required as the power transmission ring was not less than 75

MPa.

The following were made clear from the results of the
tests shown 1n Table 1:

(1) From the results of the tests in the examples 1 to 5, if
the content of the carbon fiber was 5 to 30% by weight, the
content of the aramide fiber (the aromatic polyamide fiber)
was 5 to 15% by weight, the content of the graphite was 10
to 15% by weight, and the content of the non-linear 1nor-
cganic filler was 5 to 20% by weight, then the power
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fransmission ring was superior 1n all aspects, that 1s, the wear
resistance, the sample temperature, the coeflicient of
friction, the compatibility with a counterpart, the vibration,
and the flexural strength.

(2) In the comparative example 1, the content of the
carbon fiber was as large as 35% by weight, and the content
of the aramide fiber was as small as 3% by weight, so that
there was no problem 1n the flexural strength of the power
transmission ring. However, the compatibility thereof with a
counterpart was large because the content of the carbon fiber
was as large as 35% by weight. Moreover, the content of the
oraphite was as large as 18% by weight, and the content of
the talc was as small as 3% by weight, so that the coetlicient
of friction of the power transmission ring was too low.

(3) In the comparative example 2, the content of the
carbon fiber was as small as 3% by weight, and the content
of the aramide fiber was as large as 18% by weight, so that
the power fransmission ring was insuflicient in flexural
strength. Further, the content of the talc was as large as 23%
by weight, so that the power transmission ring was brittle,
and was 1nsutficient in strength. Although the content of the
aramide fiber was as large as 18% by weight, the aramide
fiber did not have as good a remnforcing effect as did the
carbon fiber, so that the power transmission ring was 1nsui-
ficient in strength. The content of the graphite was as small
as 8% by weight, so that the power transmission ring was
inferior because the coefficient of friction thereof was
increased and the sample temperature thereof was raised.
Further, the power transmission ring vibrated.

(4) In the comparative example 3, the content of the
aramide fiber was as large as 20% by weight, but no carbon
fiber was 1ncluded, so that the power transmission ring was
insufficient 1n flexural strength.

(5) In the comparative example 4, the content of the
carbon fiber was as large as 35% by weight, and no aramide
fiber was 1ncluded. However, there was no problem 1in the
strength of the power transmission ring. However, the con-
tent of the carbon fiber was as large as 35% by weight, so
that the power transmission ring had good compatibility
with a counterpart.

(6) In the comparative example 5, the contents of the
carbon fiber and the aramide fiber were respectively 1n the
preferable ranges, so that there was no problem in the
strength of the power transmission ring. However, no graph-
ite and talc were included, so that the power transmission
ring was inferior because the coeflicient of friction thereof
was 1ncreased and the sample temperature thereof was
raised. Further, the power transmission ring vibrated.

Although the present invention has been described and
1llustrated in detail, it to be clearly understood that the same
1s by way of 1llustration and example only and is not to be
taken by way of limitation, the spirit and scope of the present

invention being limited only by the terms of the appended
claims.

What 1s claimed 1is:

1. A molded power transmission member made of a
phenol resin-based material obtained by mixing additives,
including a carbon fiber, an aromatic polyamide fiber and
ographite, with phenol resin, wherein the contents of the
carbon fiber, the aromatic polyamide fiber, and the graphite
are respectively 1 a range of 5 to 30% by weight, 5 to 15%
by weight, and 10 to 15% by weight.
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2. The power transmission member according to claim 1,
wherein the content of the carbon fiber 1s larger than the
content of the aromatic polyamide fiber.

3. The power transmission member according to claim 1,
wherein a non-linear inorganic filler 1s further mixed with
the phenol resin.

4. The power transmission member according to claim 3,
wherein the content of the non-linear inorganic filler 1s 1n a
range of 5 to 20% by weight.

5. The power transmission member according to claim 4,
wherein

the non-linear mnorganic filler includes talc.

6. The power transmission member according to claim 1,
wherein the power transmission member 1s composed of a
molded circular ring, which 1s approximately elliptical in
cross section, having an outer peripheral surface for fittedly
receiving a belt to be held so as to be capable of being
eccentric between a pair of tapered-shaped pulley main
bodies relatively movable 1n an axial direction.

7. A molded power transmission member according to
claim 1, wherein the content by weight of the phenol resin
1s greater than the content by weight of any of the additives.

8. A molded power transmission member according to
claim 7, wherein the content by weight of the phenol resin
1s at least 40%.

9. A molded power transmission member according to

claim 8, wherein the content by weight of the phenol resin
is 1n the range of 40 to 65%.

10. A molded power transmission member comprising a
mixture of a base material and additives, the base material
consisting of phenol resin, the additives including 5 to 30%
by weight of carbon fiber, 5 to 15% by weight of aromatic
polyamide fiber, 10 to 15% by weight of graphite.

11. A molded power transmission member according to
claim 10, wherein the content by weight of the phenol resin
1s greater than the content by weight of any of the additives.

12. A molded power transmission member according to
claim 11, wherein the content by weight of the phenol resin
is at least 40%.

13. A molded power transmission member according to

claim 12, wherein the content by weight of the phenol resin
is in the range of 40 to 65%.
14. A power transmission device, comprising

a molded circular ring, approximately elliptical 1 cross
section and having an outer peripheral surface, said
ring being formed of a mixture of a base material and
additives, the base material consisting of phenol resin,
the additives mcluding 5 to 30% by weight of carbon
fiber, 5 to 15% by weight of aromatic polyamide fiber,
10 to 15% by weight of graphite; and

a belt fitted on said outer peripheral surface and held
thereon so as to be capable of being eccentric, between
a pair of tapered-shaped pulley main bodies relatively
movable 1n an axial direction.

15. A molded power transmission member according to
claim 14, wherein the content by weight of the phenol resin
1s greater than the content by weight of any of the additives.

16. A molded power transmission member according to
claim 15, wherein the content by weight of the phenol resin
is at least 40%.

17. A molded power transmission member according to
claim 16, wherein the content by weight of the phenol resin
1s 1n the range of 40 to 65%.
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